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(57) ABSTRACT 

A substrate processing system which is capable of preventing 
dust from becoming attached to substrates without increasing 
the degree of cleanliness of a clean room to a predetermined 
level, and also capable of increasing the substrate processing 
throughput without increasing the burden on workers. a 
plasma processing apparatus 2 that subjects semiconductor 
wafers W to plasma processing in a cleaned atmosphere. A 
SMIF 4 has a enclosure 23 that is connected to the plasma 
processing apparatus 2 and has a cleaned atmosphere therein, 
a pod stage 26 on which a pod 3 housing semiconductor 
wafers W is mounted, a pod mounting portion 24 that carries 
out removal of semiconductor wafers W from the pod 3 and 
housing of semiconductor wafers W into the pod 3, and a 
wafer cassette transfer arm 27 that transfers semiconductor 
wafers W between the pod stage 26 and the plasma processing 
apparatus 2 via the enclosure 23. A preliminary loader 5 
having a stage-shaped unprocessed pod port 28 that stores a 
pod 3 housing semiconductor wafers W that have not been 
subjected to the plasma processing, a shelf-like processed pod 
port 29 that stores a sealed container housing semiconductor 
wafers W that have been subjected to the plasma processing, 
and a pod moving mechanism 30 that moves the pods 3 
between the stage-shaped unprocessed pod port 28 and the 
pod stage 26, and between the pod stage 26 and the shelf-like 
processed pod port 29. 

4 Claims, 12 Drawing Sheets 
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SUBSTRATE PROCESSING SYSTEM, 
SUBSTRATE PROCESSING METHOD, 
SEALED CONTAINER STORING 
APPARATUS, PROGRAM FOR 

IMPLEMENTING THE SUBSTRATE 
PROCESSING METHOD, AND STORAGE 
MEDIUM STORING THE PROGRAM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a substrate processing sys 

tem, a substrate processing method, a sealed container storing 
apparatus, a program for implementing the substrate process 
ing method, and a storage medium storing the program, and in 
particular relates to a substrate processing system, a substrate 
processing method, and a sealed container storing apparatus 
that use sealed containers each of Which houses a predeter 
mined number of substrates, and a program for implementing 
the substrate processing method, and a storage medium stor 
ing the program. 

2. Description of the Related Art 
When transferring substrates such as semiconductor 

Wafers that are to be subjected to plasma processing such as 
?lm formation or etching, this transfer must be carried out in 
a clean atmosphere so as to prevent attachment of dust to the 
substrates. Hitherto, substrate processing systems have thus 
been placed in a room in the Whole of Which is maintained a 
clean atmosphere using an air cleaner or the like, for example 
a “clean room”. 

HoWever, in recent years, there have been rapid advances in 
making the circuitry on semiconductor Wafers ?ner, and 
hence there has been a rapid increase in the degree of clean 
liness required of clean rooms. For example, such re?nement 
of circuitry has reached a level that the siZe of the dust that 
must be removed is doWn to approximately 0.1 um. HoWever, 
With a conventional clean room, increasing the degree of 
cleanliness to this required level has been dif?cult from the 
vieWpoints of limits on the air cleaner performance and cost. 

There have thus come to be used substrate processing sys 
tems according to Which, When transferring substrates, a pod 
that houses a predetermined number of, for example 25, sub 
strates and isolates the housed substrates from the surround 
ing atmosphere is used, and When the substrates are to be 
subjected to plasma processing, the substrates are removed 
from the pod and transferred into a plasma processing appa 
ratus, While dust is prevented from getting into the plasma 
processing apparatus. According to such a substrate process 
ing system, dust of siZe approximately 0.1 pm can be pre 
vented from becoming attached to the substrates Without 
increasing the degree of cleanliness of the clean room to the 
required level described above. 
A SMIF (standard mechanical interface) is used as an 

apparatus for removing the substrates from each pod in such 
a substrate processing system. As shoWn in FIG. 9A, such a 
SMIF 70 is comprised of an enclosure 72 Which is a box 
shaped sealed station unit that is disposed in front of a cassette 
chamber (hereinafter referred to as “C/C”) 71 of a plasma 
processing apparatus (not shoWn) and communicates With the 
C/C 71, a pod mounting portion 73 disposed in front of the 
enclosure 72, and a fan ?lter unit (not shoWn) that keeps the 
atmosphere in the enclosure 72 clean (see “CX-PAL Issue 
47”, Sony Corporation, vieWed online on Jul. 22, 2004, at 
URL http://WWW.sony.co.jp/Products/SC-HP/cx_pal/vol47/ 
pdf/cxeye.pdf). 

The pod mounting portion 73 has an uptumed-open-box 
shaped sliding cover 74 that slides upWard as vieWed in FIG. 
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2 
9A, and a pod stage 76 on Which a pod 75 is mounted. The 
enclosure 72 has therein a transfer arm 78 for transferring a 
substrate cassette 77, described beloW, betWeen the pod 
mounting portion 73 and the C/ C 71. 

According to the SMIF 70, as shoWn in FIGS. 9B and 9C, 
When removing substrates from the pod 75, the sliding cover 
74 is slid upWard so as to lift up a pod cover 79, so that the 
substrate cassette 77 is separated aWay from the pod 75. At 
this time, a space formed betWeen the sliding cover 74 and the 
pod stage 76 in Which the substrate cassette 77 is kept is 
communicated With the inside of the enclosure 72 via a slid 
ing door (not shoWn) disposed in front of the enclosure 72, 
and is thus made clean by the fan ?lter unit. After that, the 
transfer arm 78 transfers the substrate cassette 77 on the pod 
stage 76 into the C/ C 71. Moreover, after the substrates have 
been subjected to the plasma processing and have been 
housed back in the substrate cassette 77, the substrate cassette 
77 is housed back in the pod 75 and then the pod 75 is 
mounted back on the pod stage 76 by carrying out the reverse 
procedure to that described above. 

HoWever, according to the above substrate processing sys 
tem, a Worker must manually sWap a pod 75 mounted on the 
pod stage 76 housing substrates that have been subjected to 
the plasma processing (hereinafter referred to as a “processed 
pod”) With a pod 75 housing unprocessed substrates (herein 
after referred to as an “unprocessed pod”). 

In particular, to improve the substrate processing through 
put, the processed pod 75 and the unprocessed pod 75 must be 
sWapped over quickly, and hence While the substrate process 
ing system is subjecting substrates to the plasma processing, 
the Worker must Wait by the SMIF 70 With the unprocessed 
pod 75 in hand. However, in recent years, the size of sub 
strates has increased, and hence the Weight of a pod 75 has 
increased, and thus there has been a problem that the burden 
on Workers has increased. 
On the other hand, a system may be adopted in Which, to 

avoid such an increase in the burden on Workers, the Worker 
does not Wait by the SMIF 70. In this case, after a processed 
pod 75 has been mounted on the pod stage 76, the Worker 
takes out an unprocessed pod 75 from a stocker (not shoWn) 
in Which a plurality of unprocessed pods 75 are housed, and 
sWaps this unprocessed pod 75 With the processed pod 75. 
HoWever, in this case, there is a problem that the substrate 
processing throughput markedly decreases. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a substrate 
processing system, a substrate processing method, a sealed 
container storing apparatus, a program for implementing the 
substrate processing method, and a storage medium storing 
the program, Which are capable of preventing dust from 
becoming attached to substrates Without increasing the 
degree of cleanliness of a clean room to a predetermined 
level, and also capable of increasing the substrate processing 
throughput Without increasing the burden on Workers. 

To attain the above object, in a ?rst aspect of the present 
invention, there is provided a substrate processing system 
comprising a substrate processing apparatus that subjects 
substrates to plasma processing in a cleaned atmosphere, a 
substrate transferring in/out apparatus having a sealed station 
unit that is connected to the substrate processing apparatus 
and has a cleaned atmosphere therein, a mounting stage on 
Which a sealed container housing substrates is mounted, a 
substrate removal/housing apparatus that carries out removal 
of substrates from the sealed container and housing of sub 
strates into the sealed container, and a substrate transferring 
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apparatus that transfers substrates between the mounting 
stage and the substrate processing apparatus via the sealed 
station unit, and a sealed container storing apparatus having a 
?rst sealed container storage portion that stores a sealed con 
tainer housing substrates that have not been subjected to the 
plasma processing, a second sealed container storage portion 
that stores a sealed container housing substrates that have 
been subjected to the plasma processing, and a sealed con 
tainer moving apparatus that moves the sealed containers 
betWeen the ?rst sealed container storage portion and the 
mounting stage, and betWeen the mounting stage and the 
second sealed container storage portion. 

Preferably, the substrate processing system further com 
prises a processing contents setting apparatus that is con 
nected to the substrate processing apparatus, for setting pro 
cessing contents for the plasma processing, and a controller 
that is connected to the substrate processing apparatus, for 
controlling operation of the substrate processing apparatus 
based on the processing contents set by the processing con 
tents setting apparatus, and for controlling operations of the 
substrate transferring in/out apparatus and the sealed con 
tainer storing apparatus through communication via the sub 
strate processing apparatus. 
More preferably, the sealed container storing apparatus and 

the substrate transferring in/out apparatus are communicably 
connected together, the substrate transferring in/ out appara 
tus and the substrate processing apparatus are communicably 
connected together, and the controller is in responsive to the 
sealed container storing apparatus informing the substrate 
processing apparatus via the substrate transferring in/ out 
apparatus that a sealed container has been moved from the 
?rst sealed container storage portion onto the mounting stage, 
for causing the substrate processing apparatus to enable set 
ting of processing contents for plasma processing to be car 
ried out on substrates housed in another sealed container 
using the processing contents setting apparatus. 

According to the construction of the ?rst aspect described 
above, substrates are housed in a sealed container. After the 
substrates have been removed from a sealed container 
mounted on the mounting stage of the substrate transferring 
in/ out apparatus, the substrates are transferred into a cleaned 
atmosphere and subjected to plasma processing. Further 
more, the substrate processing system has a sealed container 
storing apparatus having a ?rst sealed container storage por 
tion that stores a sealed container housing substrates that have 
not been subjected to the plasma processing, a second sealed 
container storage portion that stores a sealed container hous 
ing substrates that have been subjected to the plasma process 
ing, and a sealed container moving apparatus that moves the 
sealed containers betWeen the ?rst sealed container storage 
portion and the mounting stage, and betWeen the mounting 
stage and the second sealed container storage portion. As a 
result, While the substrates removed from the sealed container 
mounted on the mounting stage of the substrate transferring 
in/ out apparatus are being subj ected to the plasma processing, 
a Worker can store a sealed container housing substrates that 
have not been subjected to the plasma processing on the ?rst 
sealed container storage portion. After the substrates removed 
from the sealed container mounted on the mounting stage 
have been subjected to the plasma processing and have been 
housed back in the sealed container mounted on the mounting 
stage, the sealed container can then be removed from the 
mounting stage and stored on the second sealed container 
storage portion. The Worker can then recover the sealed con 
tainer stored on the second sealed container storage portion. 
Consequently, dust can be prevented from becoming attached 
to the substrates Without increasing the degree of cleanliness 
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4 
of a clean room in Which the substrate processing system is 
placed to a predetermined level, and the substrate processing 
throughput can be increased Without increasing the burden on 
the Worker. 

Moreover, preferably, a controller controls operations of 
the substrate processing apparatus based on set processing 
contents, and controls operations of the substrate transferring 
in/out apparatus and the sealed container storing apparatus 
through communication via the substrate processing appara 
tus. As a result, overall control of the operations of the sub 
strate processing system can be carried out Without providing 
communication equipment or another controller. 

Moreover, more preferably, the sealed container storing 
apparatus and the substrate transferring in/out apparatus are 
communicably connected together, the substrate transferring 
in/out apparatus and the substrate processing apparatus are 
communicably connected together, and in response to the 
sealed container storing apparatus informing the substrate 
processing apparatus via the substrate transferring in/out 
apparatus that a sealed container has been moved from the 
?rst sealed container storage portion onto the mounting stage, 
the controller causes the substrate processing apparatus to 
enable setting of processing contents for plasma processing to 
be carried out on substrates housed in another sealed con 
tainer using a processing contents setting apparatus. As a 
result, While the substrates removed from the sealed container 
mounted on the mounting stage is being subjected to the 
plasma processing, processing contents for plasma process 
ing to be carried out on substrates housed in another sealed 
container can be set. 

To attain the above object, in a second aspect of the present 
invention, there is provided a substrate processing method 
comprising, a substrate removal step of carrying out removal 
of substrates from a sealed container that houses substrates 
and is mounted on a mounting stage, a ?rst substrate trans 
ferring step of transferring substrates into a substrate process 
ing apparatus via a sealed station unit having a cleaned atmo 
sphere therein, a substrate processing step of subjecting 
substrates that have been transferred into the substrate pro 
cessing apparatus to plasma processing in a cleaned atmo 
sphere, a ?rst sealed container storage step of storing a sealed 
container housing substrates that have not been subjected to 
the plasma processing, a second substrate transferring step of 
transferring substrates out of the substrate processing appa 
ratus via the sealed station unit, a substrate housing step of 
carrying out housing of the substrates that have been trans 
ferred out of the substrate processing apparatus into the 
sealed container, a second sealed container storage step of 
removing from the mounting stage and storing a sealed con 
tainer housing substrates that have been subjected to the 
plasma processing, and a sealed container moving step of 
moving the stored sealed container housing the substrates that 
have not been subjected to the plasma processing onto the 
mounting stage. 

According to the construction of the second aspect 
described above, substrates are housed in a sealed container. 
After the substrates have been removed from a sealed con 
tainer mounted on a mounting stage, the substrates are trans 
ferred into a cleaned atmosphere and subjected to plasma 
processing. Furthermore, a sealed container housing sub 
strates that have not been subjected to the plasma processing 
is stored, a sealed container substrates that have been sub 
jected to the plasma processing is removed from the mounting 
stage and stored, and then the stored sealed container housing 
the substrates that have not been subjected to the plasma 
processing is moved onto the mounting stage. As a result, 
While the substrates removed from the sealed container 
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mounted on the mounting stage are being subjected to the 
plasma processing, a Worker can store a sealed container 
housing substrates that have not been subjected to the plasma 
processing. After the substrates removed from the sealed 
container mounted on the mounting stage have been sub 
jected to the plasma processing and have been housed back in 
the sealed container mounted on the mounting stage, the 
sealed container is removed from the mounting stage and 
stored. The Worker can then recover the stored sealed con 
tainer. Consequently, dust can be prevented from becoming 
attached to the substrates Without increasing the degree of 
cleanliness of a clean room in Which the substrate processing 
system is placed to a predetermined level, and the substrate 
processing throughput can be increased Without increasing 
the burden on the Worker. 

To attain the above object, in a third aspect of the present 
invention, there is provided a sealed container storing appa 
ratus for a substrate processing system that comprises a sub 
strate processing apparatus that subjects substrates to plasma 
processing in a cleaned atmosphere, and a substrate transfer 
ring in/out apparatus having a sealed station unit that is con 
nected to the substrate processing apparatus and has a cleaned 
atmosphere therein, a mounting stage on Which a sealed con 
tainer housing substrates is mounted, a substrate removal/ 
housing apparatus that carries out removal of substrates from 
the sealed container and housing of substrates into the sealed 
container, and a substrate transferring apparatus that transfers 
substrates betWeen the mounting stage and the substrate pro 
cessing apparatus via the sealed station unit, the sealed con 
tainer storing apparatus being connected to the substrate 
transferring in/out apparatus, the sealed container storing 
apparatus comprising, a ?rst sealed container storage portion 
that stores a sealed container housing substrates that have not 
been subjected to the plasma processing, a second sealed 
container storage portion that stores a sealed container hous 
ing substrates that have been subjected to the plasma process 
ing, and a sealed container moving apparatus that moves the 
sealed containers betWeen the ?rst sealed container storage 
portion and the mounting stage, and betWeen the mounting 
stage and the second sealed container storage portion. 

According to the construction of the third aspect described 
above, substrates are housed in a sealed container. After the 
substrates have been removed from a sealed container 
mounted on a mounting stage of a substrate transferring 
in/ out apparatus, the substrates are transferred into a cleaned 
atmosphere and subjected to plasma processing. Further 
more, the sealed container storing apparatus has a ?rst sealed 
container storage portion that stores a sealed container hous 
ing substrates that have not been subjected to the plasma 
processing, a second sealed container storage portion that 
stores a sealed container housing substrates that have been 
subjected to the plasma processing, and a sealed container 
moving apparatus that moves the sealed containers betWeen 
the ?rst sealed container storage portion and the mounting 
stage, and betWeen the mounting stage and the second sealed 
container storage portion. As a result, While the substrates 
removed from the sealed container mounted on the mounting 
stage of the substrate transferring in/out apparatus are being 
subjected to the plasma processing, a Worker can store a 
sealed container housing substrates that have not been sub 
jected to the plasma processing on the ?rst sealed container 
storage portion. After the substrates removed from the sealed 
container mounted on the mounting stage have been sub 
jected to the plasma processing and have been housed back in 
the sealed container mounted on the mounting stage, the 
sealed container can then be removed from the mounting 
stage and stored on the second sealed container storage por 
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6 
tion. The Worker can then recover the sealed container stored 

on the second sealed container storage portion. Consequently, 
dust can be prevented from becoming attached to the sub 
strates Without increasing the degree of cleanliness of a clean 
room in Which the substrate processing system is placed to a 
predetermined level, and the substrate processing throughput 
can be increased Without increasing the burden on the Worker. 

To attain the above object, in a fourth aspect of the present 
invention, there is provided a program for causing a computer 
to implement a substrate processing method, the program 
comprising, a substrate removal module for carrying out 
removal of substrates from a sealed container that houses 
substrates and is mounted on a mounting stage, a ?rst sub 
strate transferring module for transferring substrates into a 
substrate processing apparatus via a sealed station unit having 
a cleaned atmosphere therein, a substrate processing module 
for subjecting substrates that have been transferred into the 
substrate processing apparatus to plasma processing in a 
cleaned atmosphere, a ?rst sealed container storage module 
for storing a sealed container housing substrates that have not 
been subjected to the plasma processing, a second substrate 
transferring module for transferring substrates out of the sub 
strate processing apparatus via the sealed station unit, a sub 
strate housing module for carrying out housing of the sub 
strates that have been transferred out of the substrate 
processing apparatus into the sealed container, a second 
sealed container storage module for removing from the 
mounting stage and storing a sealed container housing sub 
strates that have been subjected to the plasma processing, and 
a sealed container moving module for moving the stored 
sealed container housing the substrates that have not been 
subjected to the plasma processing onto the mounting stage. 
To attain the above object, in a ?fth aspect of the present 

invention, there is provided a computer-readable storage 
medium storing a program for causing a computer to imple 
ment a substrate processing method, the program comprising, 
a substrate removal module for carrying out removal of sub 
strates from a sealed container that houses substrates and is 
mounted on a mounting stage, a ?rst substrate transferring 
module for transferring substrates into a substrate processing 
apparatus via a sealed station unit having a cleaned atmo 
sphere therein, a substrate processing module for subjecting 
substrates that have been transferred into the substrate pro 
cessing apparatus to plasma processing in a cleaned atmo 
sphere, a ?rst sealed container storage module for storing a 
sealed container housing substrates that have not been sub 
jected to the plasma processing, a second substrate transfer 
ring module for transferring substrates out of the substrate 
processing apparatus via the sealed station unit, a substrate 
housing module for carrying out housing of the substrates that 
have been transferred out of the substrate processing appara 
tus into the sealed container, a second sealed container stor 
age module for removing from the mounting stage and storing 
a sealed container housing substrates that have been subjected 
to the plasma processing, and a sealed container moving 
module for moving the stored sealed container housing the 
substrates that have not been subjected to the plasma process 
ing onto the mounting stage. 
The above and other objects, features, and advantages of 

the invention Will become more apparent from the folloWing 
detailed description taken in conjunction With the accompa 
nying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vieW schematically showing the construction of 
a plasma processing system Which is a substrate processing 
system according to an embodiment of the present invention; 

FIGS. 2A to 2F are vieWs useful in explaining a plasma 
processing method Which is a substrate processing method 
according to the above embodiment; speci?cally: 

FIG. 2A shoWs the plasma processing system after an 
unprocessed pod has been mounted on an unprocessed pod 
PO11; 

FIG. 2B shoWs the plasma processing system after the 
mounted pod has been moved onto a pod stage; 

FIG. 2C shoWs the plasma processing system after another 
unprocessed pod has been mounted on the unprocessed pod 
PO11; 

FIG. 2D shoWs the plasma processing system after the 
?rst-mentioned unprocessed pod has been separated into a 
pod cover and a base thereof; 

FIG. 2E shoWs the plasma processing system after a Wafer 
cassette has been transferred onto a receiving stage in a C/C; 
and 

FIG. 2F shoWs the plasma processing system after a pro 
cessed pod has been removed from the pod stage and moved 
onto a processed pod port; 

FIG. 3 is a diagram shoWing an inter-apparatus communi 
cation system of the plasma processing system; 

FIG. 4 is a diagram useful in explaining the schematic 
construction of a system controller of the plasma processing 
system; 

FIG. 5 is a vieW shoWing a recipe input GUI of a recipe 
setting apparatus appearing in FIG. 3; 

FIGS. 6A and 6B are diagrams shoWing an operation and 
communication sequence for the plasma processing system; 

FIG. 7 is a vieW schematically shoWing the construction of 
a variation of the plasma processing system 

FIG. 8 is a diagram shoWing a variation of the inter-appa 
ratus communication system; and 

FIGS. 9A to 9C are vieWs schematically shoWing the con 
struction of a SMIF used With a conventional substrate pro 
cessing system; speci?cally: 

FIG. 9A shoWs the substrate processing system after a pod 
has been mounted on the SMIF; 

FIG. 9B shoWs the substrate processing system When a 
substrate cassette is being separated aWay from the pod; and 

FIG. 9C shoWs the substrate processing system after the 
substrate cassette has been transferred into a cassette cham 
ber. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention Will noW be described in detail With 
reference to the draWings shoWing preferred embodiments 
thereof. 

First, a substrate processing system and a sealed container 
storing apparatus according to an embodiment of the present 
invention Will be described. 

FIG. 1 is a vieW schematically shoWing the construction of 
a plasma processing system Which is the substrate processing 
system according to the present embodiment. 
As shoWn in FIG. 1, the plasma processing system 1 is 

comprised of a plasma processing apparatus (substrate pro 
cessing apparatus) 2 that subjects semiconductor Wafers W as 
substrates to plasma processing such as etching, at least one 
SMIF (substrate transferring in/out apparatus) 4 that is dis 
posed adjacent to the plasma processing apparatus 2, and 
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8 
removes semiconductor Wafers W that have not been sub 
jected to the etching (hereinafter referred to as “unprocessed 
semiconductor Wafers”) from pods 3, described beloW, and 
houses semiconductor Wafers W that have been subjected to 
the etching (hereinafter referred to as “processed semicon 
ductor Wafers”) in such pods 3, and at least one preliminary 
loader (sealed container storing apparatus) 5 that is disposed 
adjacent to the SMIF 4, and supplies pods (sealed containers) 
3 housing unprocessed semiconductor Wafers W (hereinafter 
referred to as “unprocessed pods”) to the SMIF 4, and recov 
ers pods 3 housing processed semiconductor Wafers W (here 
inafter referred to as “processed pods”) from the SMIF 4. 
Each pod 3 is a substantially box-shaped sealed container, is 
constructed such that an upturned-open-box-shaped pod 
cover thereof and a base thereof can be separated from one 
another, and houses a Wafer cassette 7 that houses a predeter 
mined number of, for example 25, semiconductor Wafers W. 
As a result, the pod 3 isolates the semiconductor Wafers W 
from the surrounding atmosphere. Moreover, in a state in 
Which the pod 3 has been separated into the pod cover and the 
base, the Wafer cassette 7 is mounted on the base. 

The plasma processing apparatus 2 is comprised of at least 
one processing chamber (hereinafter referred to as a “P/C”) 6 
in Which the semiconductor Wafers W are subjected to the 
etching, at least one cassette chamber (hereinafter referred to 
as “C/ C”) 8 that receives the Wafer cassettes 7, described 
beloW, from the SMIF 4, and a transfer chamber (hereinafter 
referred to as “T/C”) 10 having therein a transfer arm 9 for 
transferring the semiconductor Wafers W. In the plasma pro 
cessing apparatus 2, the atmospheres inside each P/C 6, each 
C/C 8, and the T/C 10 are all made clean. Although only one 
P/C 6 and only one C/C 8 are shoWn in FIG. 1, the plasma 
processing apparatus 2 in the present embodiment is actually 
comprised of four P/C’s 6, one T/C 10, and tWo C/C’s 8. 

Each P/C 6 is, for example, comprised of a processing 
chamber 11 formed in a cylindrical shape from a conductive 
material such as aluminum, an exhaust pipe 14 connected to 
a loWer portion of the processing chamber 11, a susceptor 12 
as a loWer electrode that is disposed on a bottom surface in the 
processing chamber 11 and on Which a semiconductor Wafer 
W is mounted, a high-frequency poWer source 15 connected 
to the susceptor 12, a shoWer head 13 as an upper electrode 
that is disposed facing the susceptor 12 and formed in a ?at 
holloW disk shape, a supply pipe 17 that is connected to the 
shoWer head 13, passes through the centre of an upper Wall of 
the processing chamber 11, and communicates With an etch 
ing gas supply source 16, and a plurality of cylindrical per 
manent magnets (not shoWn) disposed at equal intervals in a 
circumferential direction around the Whole of the circumfer 
ence of the processing chamber 11. 

The processing chamber 11 is constructed as a gastight 
structure, and is evacuated using a vacuum pump, not shoWn, 
via the exhaust pipe 14, thus forming a vacuum atmosphere of 
pressure, for example, not more than 1.33 Pa (10-2 Torr) 
therein. 

The susceptor 12 holds the semiconductor Wafer W thereon 
through an attractive Coulomb force from an electrostatic 
chuck (not shoWn) or the like installed on an upper surface of 
the susceptor 12. Moreover, a focus ring 18 that focuses a 
plasma, described beloW, toWard the semiconductor Wafer W 
is disposed around the surface of the susceptor 12 on Which 
the semiconductor Wafer W is held. During the plasma pro 
cessing, a 13.56 MHZ high-frequency voltage is applied to the 
susceptor 12 from the high-frequency poWer source 15. 

The shoWer head 13 is grounded, and is thus maintained at 
a ground potential during the plasma processing. Moreover, 
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an etching gas supplied from the supply pipe 17 is jetted 
uniformly into the Whole of the processing chamber 11 via the 
shoWer head 13. 

In the P/ C 6, When subjecting a semiconductor Wafer W to 
etching, the semiconductor Wafer W is mounted on the sus 
ceptor 12 in the processing chamber 11, the inside of the 
processing chamber 11 is evacuated, and the semiconductor 
Wafer W is held on the susceptor 12 through the attractive 
Coulomb force from the electrostatic chuck. Next, the etching 
gas is supplied into the processing chamber 11 via the shoWer 
head 13 from the supply pipe 17, and the gas pressure of the 
etching gas is set to a degree of vacuum of, for example, not 
more than 1.33 Pa (10'2 Torr). 

After that, a 13.56 MHZ high-frequency voltage is applied 
to the susceptor 12 from the high-frequency poWer source 15, 
thus bringing about a gloW discharge betWeen the susceptor 
12 and the shoWer head 13 via the etching gas, and hence 
generating a plasma from the etching gas. At this time, elec 
trons in the plasma preferentially ?oW into the susceptor 12 
due to being much lighter than reactive ions or radicals (active 
species) in the plasma, Whereby the susceptor 12 becomes 
negatively self-biased, and hence a potential difference arises 
betWeen the self-bias potential of the susceptor 12 and the 
plasma potential, and thus an electric ?eld is formed in the 
vertical direction betWeen the plasma and the susceptor 12 
due to this potential difference. 

Furthermore, a horizontal magnetic ?eld is applied to the 
inside of the processing chamber 11, that is generated by the 
cylindrical permanent magnets, the applied horizontal mag 
netic ?eld being orthogonal to the electric ?eld formed in the 
vertical direction so as to form an orthogonal electromagnetic 
?eld. Electrons in the plasma make cycloidal motion in the 
vicinity of the susceptor 12 through the action of this orthogo 
nal electromagnetic ?eld, thus further activating active spe 
cies such as reactive ions in the plasma, and hence realiZing 
generation of a plasma through a high-density magnetron. 
The generated plasma then etches the surface of the semicon 
ductor Wafer W. 

Each C/ C 8 has therein a receiving stage 19 that receives a 
Wafer cassette 7 transferred onto the receiving stage 19 by a 
Wafer cassette transfer arm 27, described beloW, in a SMIF 4. 
Moreover, the C/C 8 communicates With an enclosure 23, 
described beloW, of the SMIF 4, and is further connected to 
the T/C 10 via a gate valve 20. The gate valve 20 is a slide 
valve; When the gate valve 20 is open, the C/C 8 and the T/C 
1 0 communicate With one another, and When the gate valve 20 
is closed, the communication betWeen the C/C 8 and the T/C 
10 is blocked off. 
The T/ C 10 has therein the transfer arm 9, and an exhaust 

pipe 21 for reducing the pressure inside the T/C 10. The 
transfer arm 9 is a scalar type arm, and has a plurality of arm 
members, and a pick for holding a semiconductor Wafer W. 
The transfer arm 9 removes unprocessed semiconductor 
Wafers W from the Wafer cassette 7 mounted on the receiving 
stage 19 and transfers these unprocessed semiconductor 
Wafers W onto the susceptor 12, and recovers processed semi 
conductor Wafers W from the susceptor 12 and houses these 
processed semiconductor Wafers W in the Wafer cassette 7. 
When the transfer arm 9 transfers a semiconductor Wafer W 
in/ out betWeen the T/C 10 and the P/C 6, the pressure inside 
the T/C 10 is reduced doWn to the same level as in the pro 
cessing chamber 11 using the exhaust pipe 21; When the 
transfer arm 9 transfers a semiconductor Wafer W in/ out 
betWeen the T/ C 10 and the C/C 8, the pressure inside the T/C 
10 is kept substantially at atmospheric pressure. 
The T/C 10 is connected to the P/C 6 via a gate valve 22. 

The gate valve 22 is a slide valve; When the gate valve 22 is 
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1 0 
open, the T/ C 10 and the processing chamber 11 of the P/C 6 
communicate With one another, and When the gate valve 22 is 
closed, the communication betWeen the T/C 10 and the pro 
cessing chamber 11 is blocked off. 

Each SMIF 4 is comprised of an enclosure (sealed station 
unit) 23 Which is a box-shaped sealed station unit that com 
municates With the C/ C 8, a pod mounting portion (substrate 
removal/housing apparatus) 24 disposed in front of the enclo 
sure 23, and a fan ?lter unit (not shoWn) that keeps the atmo 
sphere in the enclosure 23 clean. 
The pod mounting portion 24 has an upturned-open-box 

shaped sliding cover 25 that slides upWard in FIG. 1, and a 
pod stage (mounting stage) 26 on Which a pod 3 is mounted. 
The enclosure 23 has therein a Wafer cassette transfer arm 
(substrate transferring apparatus) 27 for transferring a Wafer 
cassette 7. The Wafer cassette transfer arm 27 is a gantry arm, 
and has in a loWer portion thereof a mounting portion on 
Which the Wafer cassette 7 is mounted. The Wafer cassette 
transfer arm 27 can make pendulum-like motion about a 
fulcrum provided in an upper portion of the Wafer cassette 
transfer arm 27, and moreover the Wafer cassette transfer arm 
27 is freely movable relative to the enclosure 23 in the vertical 
direction in FIG. 1. Due to the pendulum-like motion and 
vertical movement of the Wafer cassette transfer arm 27, a 
Wafer cassette 7 can thus be smoothly moved betWeen the pod 
mounting portion 24 and the C/ C 8 via the enclosure 23. 

According to the SMIF 4, When removing semiconductor 
Wafers W from a pod 3, the sliding cover 25 is slid upWard so 
as to lift up the pod cover from the base of the pod 3, so that 
the pod cover is separated aWay from the base of the pod 3. At 
this time, the Wafer cassette 7 is kept on the pod stage 26 
together With the base of the pod 3. Moreover, When housing 
semiconductor Wafers W in a pod 3, the sliding cover 25 
having the separated pod cover mounted thereon is slid doWn 
Ward, thus covering the base and the Wafer cassette 7 mounted 
on the pod stage 26 With the pod cover. 

Although only one SMIF 4 is shoWn in FIG. 1, the plasma 
processing system 1 actually has tWo SMlF’s 4, the tWo 
SMIF’ s 4 being disposed respectively in correspondence With 
the tWo C/C’s 8. 

Each preliminary loader 5 is comprised of a stage-shaped 
unprocessed pod port (?rst sealed container storage portion) 
28 that has mounted thereon and thus stores an unprocessed 
pod 3, a shelf-like processed pod port (second sealed con 
tainer storage portion) 29 that has mounted thereon and thus 
stores a processed pod 3, and a plate-shaped pod moving 
mechanism 30 that is provided upright on a side surface of the 
preliminary loader 5 and extends as far as an upper space of 
the pod mounting portion 24 in the SMIF 4. 
The pod moving mechanism 30 has a pod arm (sealed 

container moving apparatus) 31 that holds a pod 3, and guid 
ing grooves 31A for guiding the pod arm 31 to a pod 3 
mounted on the unprocessed pod port 28, the processed pod 
port 29 or the pod stage 26 of the pod mounting portion 24. 
The pod arm 31 moves unprocessed pods 3 along the guiding 
grooves 31A from the unprocessed pod port 28 to the pod 
stage 26, and moves processed pods 3 along the guiding 
grooves 31A from the pod stage 26 to the processed pod port 
29. 
The unprocessed pod port 28 and the processed pod port 29 

are exposed to the Working environment in Which a Worker 
Works, eg the atmosphere in a clean room, and hence the 
Worker can take unprocessed pods 3 out from a stocker (not 
shoWn) and store these unprocessed pods 3 on the unproc 
essed pod port 28 at desired times, and moreover can recover 
processed pods 3 stored on the processed pod port 29 at 
desired times. 
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Although only one preliminary loader 5 is shown in FIG. 1, 
the plasma processing system 1 actually has tWo preliminary 
loaders 5, the tWo preliminary loaders 5 being disposed 
respectively in correspondence With the tWo SMIF’s 4. 

Moreover, the plasma processing system 1 has a system 
controller, described beloW With reference to FIG. 4, that 
controls the plasma processing apparatus 2, the SMIF’s 4 and 
the preliminary loaders 5. 

Next, a plasma processing method Which is a substrate 
processing method according to the present embodiment Will 
be described. 

FIGS. 2A to 2F are vieWs useful in explaining the plasma 
processing method Which is the substrate processing method 
according to the present embodiment, and shoW respective 
operations in the plasma processing method. 

First, a Worker mounts an unprocessed pod 3 having a 
Wafer cassette 7 therein on the unprocessed pod port 28 (see 
FIG. 2A), and then the pod arm 31 moves the mounted pod 3 
to the pod stage 26 and mounts the pod 3 on the pod stage 26 
(sealed container moving step) (see FIG. 2B). After that, the 
Worker mounts another unprocessed pod 3 on the unproc 
essed pod port 28 at a desired time (see FIG. 2C). This other 
mounted unprocessed pod 3 is stored on the unprocessed pod 
port 28 (?rst sealed container storage step) until the pod 3 
mounted on the pod stage 26 has been removed from the pod 
stage 26. 

Next, the sliding cover 25 of the pod mounting portion 24 
is slid upWard so as to separate the unprocessed pod 3 
mounted on the pod stage 26 into the pod cover and the base 
thereof (substrate removal step) (see FIG. 2D). At this time, 
the space formed betWeen the sliding cover 25 and the pod 
stage 26 is made clean using the fan ?lter unit, and hence the 
base and the Wafer cassette 7 are mounted on the pod stage 26 
in a clean atmosphere. 

Next, the Wafer cassette transfer arm 27 transfers the Wafer 
cassette 7 onto the receiving stage 19 in the C/C 8 (substrate 
transferring in step) (see FIGS. 2D and 2E), and then the 
transfer arm 9 removes the unprocessed semiconductor 
Wafers W from the Wafer cassette 7 one at a time, and transfers 
each semiconductor Wafer W into the processing chamber 11 
of the P/C 6, Where the semiconductor WaferW is subjected to 
etching (substrate processing step). After the semiconductor 
Wafer W has been subjected to the etching, the transfer arm 9 
recovers the semiconductor Wafer W from the processing 
chamber 11 and stores the semiconductor WaferW back in the 
Wafer cassette 7. The transferring in and out of semiconductor 
Wafers W by the transfer arm 9 and the etching of these 
semiconductor Wafers W in the P/C 6 is repeated for all of the 
semiconductor Wafers W housed in the Wafer cassette 7. 

After all of the semiconductor Wafer W housed in the Wafer 
cassette 7 mounted on the receiving stage 19 have been sub 
jected to the etching, the Wafer cassette transfer arm 27 trans 
fers the Wafer cassette 7 to the pod stage 26 and mounts the 
Wafer cassette 7 on the base ofthe pod 3 on the pod stage 26 
(substrate transferring out step) (see FIGS. 2E and 2D, i.e. 
reverse of operation from FIG. 2D to FIG. 2E). The sliding 
cover 25 having the separated pod cover mounted thereon is 
then slid doWnWard, thus covering the base and the Wafer 
cassette 7 mounted on the base With the pod cover (substrate 
housing step) (see FIG. 2C, i.e. reverse of operation from FIG. 
2C to FIG. 2D). As a result, the Wafer cassette 7 is sealed in the 
pod 3. 

Next, the pod arm 31 removes the processed pod 3 from the 
pod stage 26, and moves the processed pod 3 to the processed 
pod port 29 and mounts the processed pod 3 on the processed 
pod port 29 (see FIG. 2E). The mounted processed pod 3 is 
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12 
then stored on the processed pod port 29 (second sealed 
container storage step) until being recovered by the Worker at 
a desired time. 

Next, the other unprocessed pod 3 that has been stored on 
the unprocessed pod port 28 is moved to and mounted on the 
pod stage 26 by the pod arm 31 (see FIGS. 2A and 2B). After 
that, the Worker mounts yet another unprocessed pod 3 on the 
unprocessed pod port 28 (see FIG. 2C). 

According to the substrate processing system, the sealed 
container storing apparatus and the substrate processing 
method of the present embodiment, the semiconductor 
Wafers W are housed in pods 3. After unprocessed semicon 
ductor Wafers W have been removed from an unprocessed 
pod 3 mounted on the pod stage 26 of the SMIF 4, the 
semiconductor Wafers W are transferred into a cleaned atmo 
sphere and subjected to plasma processing. Furthermore, 
another unprocessed pod 3 that has been mounted on the 
unprocessed pod port 28 by a Worker at a desired time is 
stored on the unprocessed pod port 28, and after the plasma 
processing, the processed pod 3 is removed from the pod 
stage 26 and stored on the processed pod port 29, and then the 
other unprocessed pod 3 stored on the unprocessed pod port 
28 is moved onto the pod stage 26. As a result, While the 
semiconductor Wafers W removed from the unprocessed pod 
3 mounted on the pod stage 26 of the SMIF 4 are being 
subjected to the plasma processing, the Worker can store the 
other unprocessed pod 3 on the unprocessed pod port 28, and 
moreover the Worker can recover a processed pod 3 stored on 
the processed pod port 29. Consequently, dust can be pre 
vented from becoming attached to the semiconductor Wafers 
W Without increasing the degree of cleanliness of the Working 
environment in Which the plasma processing system is 
placed, for example a clean room, to a predetermined level, 
and the plasma processing throughput can be increased With 
out increasing the burden on the Worker. 

Next, an inter-apparatus communication system of the 
plasma processing system 1 Will be described. 

FIG. 3 is a diagram shoWing the inter-apparatus commu 
nication system of the plasma processing system. 
As shoWn in FIG. 3, in the plasma processing system 1, 

each preliminary loader 5 and the corresponding SMIF 4, and 
each SMIF 4 and the plasma processing apparatus 2 are 
communicably connected together by a communication cable 
or the like, and furthermore each of a host computer (control 
ler) 32 and a recipe setting apparatus (processing contents 
setting apparatus) 33 is communicably connected to the 
plasma processing apparatus 2 by a communication cable or 
the like. 
The recipe setting apparatus 33 has a display panel (not 

shoWn) that displays a recipe input GUI (graphical user inter 
face) 34 as shoWn in FIG. 5. The recipe input GUI 34 has a 
processing lot input section 35 using Which an etching recipe 
for a current processing lot can be inputted, and a reservation 
lot input section 36 using Which an etching recipe for a sub 
sequent processing lot can be inputted. Using the recipe input 
GUI 34, a Worker sets etching recipes to be implemented in 
the P/C’s 6. 
The host computer 32 controls the operation of the plasma 

processing apparatus 2 based on the recipes set through the 
recipe input GUI 34 of the recipe setting apparatus 33. The 
host computer 32 also controls the operations of the SMIF’s 
4 and the preliminary loaders 5 through communication via 
the plasma processing apparatus 2. 

According to the plasma processing system 1, the host 
computer 32 controls the operation of the plasma processing 
apparatus 2, and moreover controls the operations of the 
SMIF’ s 4 and the preliminary loaders 5 through communica 










